Calcium elevation at fertilization coordinates phosphorylation of XErp1/Emi2 by Plx1 and CaMK II to release metaphase arrest by cytostatic factor.
Vertebrate oocytes are arrested at second meiotic metaphase by cytostatic factor (CSF) while awaiting fertilization. Accumulating evidence has suggested that inhibition of the anaphase-promoting complex/cyclosome (APC/C) is responsible for this arrest. Xenopus polo-like kinase 1 (Plx1) is required for activation of the APC/C at the metaphase-anaphase transition, and calcium elevation, upon fertilization/activation of eggs, acting through calmodulin-dependent kinase II (CaMKII) is sufficient to activate the APC/C and terminate CSF arrest. However, connections between the Plx1 pathway and the CaMKII pathway have not been identified. Overexpression of Plx1 causes CSF release in the absence of calcium, and depletion of Plx1 from egg extracts blocks induction of CSF release by calcium and CaMKII. Prior phosphorylation of the APC/C inhibitor XErp1/Emi2 by CaMK II renders it a good substrate for Plx1, and phosphorylation by both kinases together promotes its degradation in egg extracts. The pathway is enhanced by the ability of Plx1 to cause calcium-independent activation of CaMKII. The results identify the targets of CaMKII and Plx1 that promote egg activation and define the first known pathway of CSF release in which an APC/C inhibitor is targeted for degradation only when both CaMKII and Plx1 are active after calcium elevation at fertilization. Plx1 with an intact polo-box domain is necessary for release of CSF arrest and sufficient when overexpressed. It acts at the same level as CaMKII in the pathway of calcium-induced CSF release by cooperating with CaMKII to regulate APC/C regulator(s), such as XErp1/Emi2, rather than by directly activating the APC/C itself.